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(54) A method and apparatus for updating a graphical display in a distributed processing 
environment

(57) A system and method for updating a display unit
remotely located from a computing system are described.
The method includes copying display information from a
video buffer of a computing device executing an applica-
tion to generate a display update, calculating a size of
the display update, and determining an amount of avail-

able bandwidth of a network connecting the computing
device and the display unit. The method also includes
calculating a time period required to communicate the
display update from the computing device to the display
unit, transmitting the display update to the display; and
repeating the method after the time period has elapsed.
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Description

BACKGROUND OF THE INVENTION

[0001] Distributed computer systems utilize the tech-
nique of distributing application execution. More specif-
ically, an application server locally executes an applica-
tion program and provides the application output data to
clients/network users who then display the results on a
display screen that is locally-coupled to their local com-
puter. Distributed systems can make the best use avail-
able computing resources, i.e., the more capable server
performs compute and memory intensive application
processing functions while, the client that may be less
capable computationally but potentially more capable
with respect to video performance, displays the output.
In one type of distributed computing system, a user of
the client views application output data on a local display
during the execution of the application program and in-
teracts with the application program via keyboard, mouse
inputs, or other device inputs. The user’s inputs corre-
spond to requests to the application server to perform
certain actions that affect the operation of the application
program. The application server passes these requests
to the application for further processing. The application
server also intercepts application output data generated
by the application program, and typically targeted to the
operating system of the application server, and transmits
all or part of the data to the client for display. From the
perspective of the user, the application program seems
to be executing locally even though it is actually being
executed on a remote server and displayed locally.
[0002] There are various protocols that provide the
above-described functionality. One example of such a
protocol is the Remote Desktop Protocol ("RDP") distrib-
uted by Microsoft Corporation of Redmond, Washington.
RDP is based on, and an extension of, the ITU T.120
family of protocols. RDP is a multiple-channel capable
protocol that allows for separate virtual channels carrying
device communication and presentation data from the
application server, as well as encrypted client mouse and
keyboard data. RDP uses its own video driver to render
display output by constructing the rendering information
into network packets using RDP protocol and sending
them over the network to the client. On the client, RDP
receives rendering data and interprets the packets into
corresponding Microsoft Win32 graphics device interface
(GDI) API calls. For the input path, client mouse and key-
board events are redirected from the client to the server.
[0003] Another protocol that provides similar function-
ality is the Independent Computing Architecture ("ICA")
sold by Citrix Systems of Ft. Lauderdale, Florida. ICA is
a protocol that enables separate screen updates and us-
er input processing from the rest of an application’s logic.
All application logic executes on a first computing system
and only screen updates, mouse movements, and key-
strokes are transmitted during a session between the dis-
playing computing system and the first computing sys-

tem.
[0004] Distributed application processing systems
have performed well for typical, office applications. How-
ever, certain applications that are graphically intense can
adversely affect the performance of a distributed appli-
cation processing system. Examples of graphically in-
tense applications can include, but are not limited to,
computer-aided drafting ("CAD") applications, video ed-
iting applications, and computer games. In these graph-
ically-intense applications, display updates typically re-
quire a large amount of bandwidth because they are
large, bitmap images. This problem is exacerbated when
an executing application program sends multiple display
updates in a short period of time, such as when a
CAD/CAM program rotates a three-dimensional model
of a device for the user to view. The delay in output due
to the large size of the respective screen updates ad-
versely affects user experience and interaction with the
application program and makes use of the application
program impractical in a distributed application process-
ing environment.

BRIEF SUMMARY OF THE INVENTION

[0005] In one aspect, the invention features a method
of updating a remote display unit. The method includes
copying display information from a video buffer of a com-
puting device executing an application remotely located
from the display unit to generate a display update, cal-
culating a size of the display update, and determining an
amount of available bandwidth of a network connecting
the computing device and the display unit. The method
also includes calculating a time period required to com-
municate the display update from the computing device
to the display unit, transmitting the display update to the
display, and repeating one or more of the steps after the
time period has elapsed.
[0006] In various embodiments, the method includes
writing display information to the video buffer by the ap-
plication during at least one of the steps. The method
can also include generating at least one bounding rec-
tangle indicative of a region of change of the video buffer
as part of the display update, and tracking an amount of
change to the video buffer to determine if a high update
period exists.
[0007] In one embodiment, the method includes ap-
plying a lossy compression algorithm to the display up-
date during a high update period to create a lossy display
update, transmitting the lossy display update to the dis-
play, and transmitting a lossless display update to re-
place the lossy display update after the high update pe-
riod.
[0008] In another aspect, the invention features a sys-
tem for updating a display unit remotely located from a
computing system. The system includes a video buffer,
a driver, and a thread. The video buffer stores display
data representing graphical output of an application pro-
gram executing on the computer system. The driver de-
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termines a characteristic of a network between the com-
puting system and the remote display unit and transmits
a signal regarding network availability. The thread re-
ceives the signal and creates a display update for com-
munication to the remote display that is responsive to the
data stored in the video buffer.
[0009] In various embodiments, the signal regarding
network availability includes a dynamically determined
time period. The system can also have a timer module
that communicates with the thread for executing the dy-
namically determined time period and signaling the
thread to copy the local video buffer. The system can
also include an update region in communication with vid-
eo buffer for storing bounding rectangle information. An
accumulator for tracking the amount of change made to
the video buffer can also be included. Further, the system
can include a compressor module that communicates
with the driver to compress the display update before
transmitting the display update to the remote display unit
when the accumulator reaches a predetermined thresh-
old.
[0010] In another aspect, the invention features a sys-
tem for updating a display unit remotely located from a
computing system. The system includes buffering
means, driving means, and thread means. The buffering
means stores display data representative of graphical
output of an application program executing on the com-
puter system. The driving means communicates with a
network to determine a characteristic of the network and
transmits a signal regarding network availability. The
thread means receives the signal and creates a display
update that is communicated to the remote display unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention may be better understood by re-
ferring to the following description in conjunction with the
accompanying drawings, in which like numerals indicate
like structural elements and features in various figures.
The drawings are not necessarily to scale, emphasis in-
stead being placed upon illustrating the principles of the
invention.
[0012] Fig. 1 is a block diagram of a distributed appli-
cation processing system constructed according to prin-
ciples of the present invention.
[0013] Fig. 2 is a flow chart illustrating an operational
mode of the distributed application processing system of
Fig. 1.
[0014] Fig. 3 is a block diagram of an embodiment of
a computing unit agent of Fig. 1.
[0015] Fig. 4 is a flow chart of a method of operation
of the producer thread of Fig. 3.
[0016] Fig. 5 is a flow chart of a method of operation
of the consumer thread of Fig. 3.
[0017] Fig. 6 is a flow chart of an embodiment of a
method providing updates to a remote display according
to principles of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0018] The present invention features systems and
methods of updating a display of a remote display unit.
In one embodiment, the invention uses the current dy-
namic state of the bandwidth speed and the amount of
pending data on the network to identify the next interval
to send a display update. The interval is determined by
the size of the update and the speed of the network. The
display driver allows the application to update a local vid-
eo buffer. The buffer contains the most up to date repre-
sentation of the display screen. As updates occur, the
display driver maintains a list of affected bounding rec-
tangles that result from each update. When the network
is ready, updates can be sent from the list of affected
rectangles and the buffer. Double image buffering can
be used. That is, the list of affected rectangle is copied
and provided to the driver for transmission across the
network. Copying the list of affected rectangles allows
the application to issue many updates to the buffer while
the slower process of transmitting the updates to the re-
mote display occurs. A lossy image compression can be
used on the updates sent to the remote display during
periods of frequent updates. The affected regions of the
updates that are lossy compressed and saved on a list.
Once the period of frequent updates has stop, the list of
lossy compressed regions can be retransmitted from the
Local Video Buffer in a lossless way.
[0019] One advantage of the invention is the decou-
pling the application from the updates to the remote lo-
cation. The application can make as many updates to
the screen without forcing the updates down the slower
network path. The updates that get sent to the remote
location occur only when the network can handle the up-
dates. This allows for many updates to occur by the ap-
plication, but also allows only the most recent display
image to be sent over the network. Thus, there is in-
creased interactivity in the presentation of the display to
the end-user.
[0020] With reference to Fig. 1, a distributed applica-
tion processing system 100 includes one or more remote
display units 110’, 110" (hereinafter each remote display
unit or plurality of remote display units is generally re-
ferred to as 110) in communication with one or more com-
puting devices 150’, 150" (hereinafter each computing
device or plurality of computing devices is generally re-
ferred to as 150) via a communications network 140. The
network 140 can be a local-area network (LAN), a medi-
um-area network (MAN), or a wide area network (WAN)
such as the Internet or the World Wide Web. Users of
the remote display unit 110 can be connected to the net-
work 140 through a variety of connections including
standard telephone lines, LAN or WAN links (e.g., T1,
T3, 56kb, X.25), broadband connections (e.g., ISDN,
Frame Relay, ATM), and wireless connections (e.g.,
IEEE 802.11). The connections can be established using
a variety of communication protocols (e.g., TCP/IP, IPX,
SPX, NetBIOS, and direct asynchronous connections).
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In some particularly advantageous embodiments, the
protocol used may be the Independent Computing Archi-
tecture protocol manufactured by Citrix Systems, Inc. of
Fort Lauderdale, Florida or the Remote Display Protocol
manufactured by Microsoft Corporation of Redmond,
Washington.
[0021] The bandwidth of the network 140 is one factor
that affects the performance of the distributed application
processing system 100. A network 140 having a larger
bandwidth relative a second network typically can sup-
port transmission of more display data to the remote dis-
play unit 110. During operation of the distributed appli-
cation processing system 100, the bandwidth of the net-
work 140 fluctuates. As data is transmitted through the
network 140 the amount of available bandwidth of the
network is reduced. As display data is received by the
remote display unit 110, the available bandwidth of the
network 140 increases, assuming no additional data is
placed on the network. One aspect of the invention mon-
itors the available bandwidth of the network 140 and uses
the measurement to dynamically determine when to send
a display update frame to the remote display unit 110.
[0022] The remote display unit 110 typically includes
a processor 112, a volatile memory 114 (e.g., RAM
cache), an operating system 116, a display agent 118, a
persistent storage memory 120, a network interface 122
(e.g., a network interface card), a display application pro-
gram 123, a keyboard 124, at least one input device 126
(e.g., a mouse, trackball, space ball, light pen and tablet,
stylus, and any other input device), and a display 128.
Operating system 116 can include, without limitation,
WINDOWS 3.x, WINDOWS 95, WINDOWS 98, WIN-
DOWS NT 3.51, WINDOWS NT 4.0, WINDOWS 2000,
WINDOWS CE, MAC/OS, Java, PALM OS, SYMBIAN
OS, LINUX, SMARTPHONE OS, and UNIX. The display
agent 118 receives commands and data from the com-
puting device 150 and from a user (not shown) of the
remote display unit 110. The client agent 118 uses the
received information when interacting with other compo-
nents of the remote display unit 110 (e.g., when directing
the operating system 116 to output data onto the display
128). The display agent 118 also transmits requests and
data to the computing device 150 in response to com-
puting device-issued commands or user actions at the
remote display unit 110.
[0023] The remote display unit 110 can be any person-
al computer (e.g., 286, 386, 486, Pentium, Pentium II,
Macintosh computer), Windows-based terminal, Net-
work Computer, wireless device, information appliance,
RISC Power PC, X-device, workstation, minicomputer,
main frame computer, cellular telephone or other com-
puting device that provides sufficient memory for execut-
ing the operating system 116 and the display application
program 123. It should be understood that the display
application program 123 can be integral with the operat-
ing system 116 or a stand-alone application. The display
presentation program 123 uses commands and data sent
to it by the computing device 150 across the network 140

to render a graphical output to the user of the display 128
of the display unit.
[0024] Similarly, the computing device 150 may in-
clude a processor 152, a volatile memory 154, an oper-
ating system 156, an application program 158, a com-
puting device agent 160, persistent storage memory 162,
and a network interface 164. The computing device agent
160 interfaces with the display agent 118 and other com-
ponents of the computing device 150 to support the re-
mote display and operability of the application program
158. In the distributed application processing system
100, execution of application programs occurs primarily
on a computing device 1 50 and the user interface pro-
duced by application execution is transmitted over the
network 140 to the remote display unit 110. The user
provides inputs, such as keystrokes and mouse move-
ments, at the display unit 110 which are transmitted over
the network 140 to the computing device 150 to instruct
the application programs to perform further tasks.
[0025] Each computing device 150 hosts one or more
application programs 158 that can be accessed by the
remote display units 110. Examples of such applications
include word processing programs such as MICROSOFT
WORD and spreadsheet programs such as MICRO-
SOFT EXCEL, both manufactured by Microsoft Corpo-
ration of Redmond, Washington, financial reporting pro-
grams, customer registration programs, programs pro-
viding technical support information, customer database
applications, application set managers, or computer-aid-
ed design and manufacturing applications, such as AU-
TOCAD sold by Autodesk of San Rafael, California, CAT-
IA sold by Dassault Systemes of Suresnes Cedex,
France, and PRO/ENGINEER sold by Parametric Tech-
nology Corporation of Needham, Massachusetts.
[0026] Fig. 2 provides an operational overview of the
distributed application processing system shown in Fig.
1. The application program 158 generates output (step
210) responsive to user manipulation of the mouse 126
and keyboard 124 that is interpreted by the operating
system 156, which in turn, issues drawing commands
indicative of the graphical output of the application pro-
gram 158. The drawing commands are written (step 214)
to a buffer of the computing device 150. Periodically the
contents of the buffer are communicated (step 218) to
the remote display unit 110 and processed (step 222) by
the display agent 118 of the remote display unit 110 to
update the display 128. The computing device 150 com-
municates with the remote display unit 110 over a trans-
port mechanism (part of the computing device agent
160). In one embodiment, the transport mechanism pro-
vides multiple virtual channels and one of the virtual chan-
nels provides a protocol for transmission of graphical
screen data from the computing device 150 to the remote
display unit 110.
[0027] Still referring to Fig. 2, and in greater detail, the
application program 158 generates output (step 210) and
issues drawing commands indicative of the graphical out-
put of the application program 158. Examples of drawing
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commands can include, but are not limited to, raster op-
erations, GDI commands provided by WINDOWS-based
operating systems, and QUICKDRAW or QUARTZ com-
mands provided by MAC/OS-based operating systems.
In some embodiments, the drawing commands issued
by the application program are "hooked," that is, the
drawing commands are intercepted by code not associ-
ated with the application program and further processed
as described below. In these embodiments, the drawing
commands also may be provided to operating system
116 for processing in addition to being processed as de-
scribed below. For easy of reference drawing command
will be referred to as "GDI commands" throughout the
remainder of the specification.
[0028] The drawing commands are written (step 214)
to a buffer provided by the computing device 1 50. In
some embodiments, lower-level commands, such as in-
terface calls to a device driver associated with the graph-
ical display of the computing device 1 50 are written to
the buffer. In still other embodiments, both drawing com-
mands and lower-level commands are stored in a buffer
provided by the computing device 150. Drawing com-
mands can be stored in the buffer at the same time that
stored commands are transmitted to the remote display
unit 110 to update the display provided by the remote
display unit.
[0029] Periodically the contents of the buffer are com-
municated (step 218) to the remote display unit 110. How
often the contents of the buffer are communicated to the
remote display unit is a function of the amount of data
presently pending on the network, as described in more
detail below. The computing device 150 communicates
with the remote display unit 110 over a transport mech-
anism (part of the computing device agent 160). In one
embodiment, the transport mechanism provides multiple
virtual channels and one of the virtual channels provides
a protocol for transmission of graphical screen data from
the computing device 150 to the remote display unit 110.
[0030] The display agent 118 of the remote display unit
110 processes the received buffer content (step 222) to
update the display 128. In one embodiment, the display
agent issues drawing commands to the operating system
116 of the remote display unit 110 that correspond to the
drawing commands issued by the application program
158 of the computing device 150.
[0031] Fig. 3 is shows a conceptual block diagram of
various components of the computing device agent 160.
In one embodiment the computing device agent 160 in-
cludes a producer thread 300, a buffer 304, a consumer
thread 308, and a driver 312. The producer thread 300
is in communication with the buffer 304. The consumer
thread 308 is in communication with the buffer 304 and
the driver 312.
[0032] The producer thread 300 includes one or more
application threads 314’, 314" (referred to generally as
application thread 314) that issue drawing commands,
such as GDI commands, which are processed and stored
in the buffer 304 as graphical images. The drawing com-

mands are typically issued to a graphics rendering en-
gine, which in turn, renders the commands into the buffer
304. The output of the graphic rendering engine can be
a complex bitmap or similar graphical representation. In
essence, the buffer 304 functions as a "virtual" display
for storing display image for later transmission to the re-
mote display unit 110.
[0033] The producer thread 300 also tracks the chang-
es to the buffer 304 by hooking the GDI commands prior
to issuing them to the graphics rendering engine. The
procedure thread 300 examines the GDI commands and
generates one or more bounding rectangles that indicate
areas of change in the bitmap of the buffer 304. The
bounding rectangles are stored in an update array 316
that is in communication or integral with the buffer 304.
The producer thread 300 can continually update the buff-
er 304 and the update array 316 during the operation of
the consumer thread 308. Said another way, the produc-
er thread 300 operates independently of the consumer
thread 308.
[0034] In one embodiment, the buffer 304 is a dedicat-
ed and dynamically reconfigurable section of the volatile
memory 154 or the persistent storage 162. As previously
stated, a portion of the buffer 304 is reserved as an update
array 316 for storing the bounding rectangles. In another
embodiment, the buffer comprises a special-purpose
memory, such as dual-port RAM, provided specifically to
serve as the buffer.
[0035] As the number of bounding rectangles increas-
es, various algorithms operate on the bonding rectangles
to remove overlapping regions of change to prevent
sending multiple updates for a single region in a single
update frame. For example, if region X changes during
a first write to the buffer 304, a bounding rectangle indi-
cating the coordinates of the change region is stored in
the update array 316. If a subsequent write to the buffer
304 results in a change to a region includes region X, the
bounding rectangle related to region X is removed and
replaced with the new bounding rectangle information.
[0036] The consumer thread 308 includes an accumu-
lator module 320, a copy module 324, a timer module
328, and a compressor module 332. The accumulator
module 320 is in communication with the buffer 304 and
provides a running total of the amount of display data
that has changed in the display image of the buffer 304.
The total is used to trigger a mode of operation that in-
cluded lossy compression, which is described in more
detail below.
[0037] The copy module 324 is in communication with
the buffer 304 and is capable of accessing the buffer 304
to copy the display image of the buffer and the bounding
rectangles in the update array 316 to create a display
update frame for transmission to the remote display unit
110.
[0038] The compressor module 328 is in communica-
tion with the copy module 324 and the accumulator mod-
ule 320. The compressor module 328 provides a means
to perform lossy compression on the display update
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frame to create a lossy display update frame. The running
total is used to activate and deactivate the compressor
module as required.
[0039] The timer 332 module is in communication with
the driver 312 and the copy module 324. The function of
the timer module 332 is to trigger a copy operation from
the buffer 304 after dynamically determined time period.
The length of the dynamically determined time period of
the timer module 332 is dependent on the available band-
width of the network 140 and the size of a respective
display frame update. By dynamically determining the
time period, the invention provides a "just-in-time" deliv-
ery of the display update frame to remote display unit 110.
[0040] The driver 312 includes a translator module 336
for formatting the display update frame according to the
communication protocol of the distributed application
processing system 100. The driver 312 also dynamically
determines the time period used by the timer module
328. In one embodiment, the driver module 312 monitors
a round-trip time for the display update frame. Other
methods of determining the dynamically determined time
period can also be used. For example, the number of
drawing operations that were issued by the application
thread 314 can be used.
[0041] Referring now to Fig. 4, the operation of the
producer thread 300 is described. As a general overview,
the producer thread 300 issues (step 400) drawing com-
mands; writes (step 410) a display image to the buffer
304; generates (step 420) the bounding rectangles;
stores (step 430) the bounding rectangles in the update
display region 316; and converges (step 440) the bound-
ing rectangles.
[0042] In more detail, the application program threads
314 issue (step 400) GDI drawing commands to the
graphical rendering engine. Write commands from the
graphical rendering engine generate (step 410) a display
image that is stored in the buffer 304. Subsequent writes
to the buffer 304 result in changes to the display image.
[0043] The producer thread 300 generates (step 420)
one or more bounding rectangles that identify an area of
the display image that has changed since the last write
to the buffer 304. In one embodiment, the GDI commands
that are issued to the graphics rendering engine are
hooked before they are passed through to the graphics
rendering engine. Subsequent GDI commands are com-
pared against previously issued commands to determine
which areas of the image have changed.
[0044] The update array 316 stores (step 430) the
bounding rectangles. Prior to writing a new bounding rec-
tangle to the update array 316, the producer thread 300
determines if any of the existing rectangles in the update
array 316 intersect or overlaps with the new bounding
rectangle. One method know to those of ordinary skill in
the art is the use of rectangle collision detection algo-
rithms.
[0045] If intersection or overlap exists, the bounding
rectangles are converged (step 440). As user herein,
converging refers to replacing, combining, or segment-

ing, an existing rectangle with the new rectangle. In some
embodiments, if the new bounding rectangle describes
a region of change that overlaps an existing bounding
rectangle, the new bounding rectangle is written to the
update region 316 and the existing bounding rectangle
is removed.
[0046] With reference to Fig. 5, the operation of the
consumer thread 308 is described. Generally, the con-
sumer thread 308 periodically generates and transmits
the display update frame to the remote display unit 110
by copying (step 510) the contents of the display buffer
304 and update array 316; extracting (step 520) the
changes to the display; determine (step 530) the amount
of change to the display; creating (step 540) the display
update frame; optionally the display update frame is lossy
compressed (step 550); calculating (step 560) the size
of the display update frame; communicating (step 570)
the display update frame to the translator; calculating
(step 580) the time required to transmit the update to the
remote display unit 110; and pausing (step 590) opera-
tion of the consumer thread for a predetermined time.
[0047] In more detail and with continued reference to
Fig. 5, the copy module 324, upon the expiration of the
dynamically determined time period, copies (step 510)
the contents of the buffer 304 and the update array 316.
In other words, the consumer thread 308 takes a "snap
shot" of the buffer 304 and the update array 316. Once
the snap shot is taken, the application programming
threads 316 continually write to the buffer 304 and display
update region 316 to make further changes thereto in-
dependent of the operation of the consumer thread 308.
Therefore, the buffer 304 has the most up-to-date display
information.
[0048] From the snap shot, the consumer thread ex-
tracts (step 520) the changes in the display from the buff-
er 304 contents, which is typically a complex bitmap im-
age. In one embodiment, the bounding rectangles are
used to determine which areas of the display have
changed. In another embodiment, the previous update
display frame is saved and compared to the present up-
date display frame using a logic operation such as an
exclusive or (XOR).
[0049] The amount of change in the display image is
determined (step 530) using any number of various meth-
ods known to those of ordinary skill in the art and com-
municated to the accumulator module to update the run-
ning total. In one embodiment, the size of the affected
area is calculate. In one embodiment, the amount of
change information is transmitted to the accumulator
module 320, which updates the running total.
[0050] In one embodiment, the running count is used
to determine if a high update period is occurring. If no
updates to the buffer 304 occur, the accumulator module
326 decreases the running count by a predetermined
amount. If the running count exceeds a predetermined
threshold, each display update frame is subjected to a
lossy compression technique before transmission to the
remote display. Determining the end of the high update
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period can be accomplished in various ways. In one em-
bodiment, if no changes to the buffer 304 and update
array 316 occur for a predetermined period of time (e.g.,
1 second) the consumer thread 308 exits the lossy com-
pression mode and returns to transmitting lossless com-
pression display frame updates to the remote display unit
110.
[0051] After determining the amount of change in the
display, the consumer thread 308 creates the display up-
date frame (step 540). If so required, the consumer thread
308 applies (step 550) a lossy compression technique to
the update display frame to create a lossy update display
frame for transmission to the remote display unit 110. In
one embodiment, a photographic codec is used (e.g.,
JPEG compression using arithmetic encoding). While
this type of encoding is more processor intensive, it can
decrease the size of the display update frame by as much
as thirty percent relative to other codecs (e.g., JPEG com-
pression using optimized Huffman encoding). Before ap-
plying the lossy compression algorithm, the consumer
thread 308 caches the display update frames prior to
applying the lossy compression algorithm. The cached
display update frames are subsequently forwarded to the
remote display unit once the high update period has end-
ed.
[0052] Once the display update frame is constructed,
the consumer thread 308 determines (step 560) the size
of the display update frame. The display update frame is
communicated (step 570) to the translator module 336
of the driver 312. In one embodiment, the translator mod-
ule 336 converts the display update frame according the
transmission protocol of the distributed application
processing system 100. As part of the conversation, the
size of the display update frame is used to determine the
time required to send the display update frame to the
remote display unit 110.
[0053] In one embodiment, the driver module 312 cal-
culates (step 580) the estimated transmission time by
dividing the size of the display update frame by the avail-
able bandwidth of the network 140. This calculation re-
sults in the dynamically determined time period used by
the timer 332 of the consumer thread 308. The translated
display update frame is send to the network interface 164
and transmitted to the remote display unit 110.
[0054] After transmitting the display update frame, the
consumer thread remains inactive (step 590) or pauses
until the expiration of the dynamically determined time
period. After the expiration of the dynamically determined
time period, the consumer thread takes another snap
shot of the buffer 304 and update array 316 and performs
the same process.
[0055] In summary and referring to Fig. 6, a method
600 for transmitting screen updates to the remote display
unit 110 includes copying display information from a vid-
eo buffer of a computing device executing an application
remotely located from the display unit to generate a dis-
play update (step 610); calculating a size of the display
update (step 620); determining an amount of available

bandwidth of a network connecting the computing device
and the display unit (step 630); calculating a time period
required to communicate the display update from the
computing device to the display unit (step 640); transmit-
ting the display update to the display (step 650); and re-
peating the method when the calculated time period has
elapsed (step 660).
[0056] Although the present invention has been de-
scribed with reference to specific details, it is not intended
that such details should be regarded as limitations upon
the scope of the invention, except as and to the extent
that they are included in the accompanying claims.
[0057] For example, the invention provides the follow-
ing further embodiments:

According to a first further embodiment, a method of
updating a remote display unit is provided, compris-
ing (l) copying display information from a video buffer
of a computing device executing an application re-
motely located from the display unit to generate a
display update; (b) calculating a size of the display
update; (c) determining an amount of available band-
width of a network connecting the computing device
and the display unit; (d) calculating a time period
required to communicate the display update from the
computing device to the display unit; (e) transmitting
the display update to the display; and (f) repeating
steps (a)-(e) after the time period has elapsed.
According to a second further embodiment, the
method of the first further embodiment comprises
writing display information to the video buffer by the
application during at least one of the steps (b)-(e).
According to a third further embodiment, the method
of the first further embodiment comprises generating
at least one bounding rectangle indicative of a region
of change of the video buffer as part of the display
update. According to a fourth further embodiment,
the method of the first further embodiment comprises
tracking an amount of change to the video buffer to
determine if a high update period exists. According
to a fifth further embodiment, the method of the first
further embodiment comprises applying a lossy
compression algorithm to the display update during
a high update period to create a lossy display update.
According to a sixth further embodiment, in the meth-
od of the fifth further embodiment the transmitting
comprises transmitting the lossy display update to
the display. According to a seventh further embodi-
ment, the method of the sixth further embodiment
comprises transmitting a lossless display update to
replace the lossy display update after the high up-
date period.

[0058] According to an eighth further embodiment, a
system for updating a display unit remotely located from
a computing system is provided, comprising: a video buff-
er storing display data representing graphical output of
an application program executing on the computer sys-
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tem; a driver determining a characteristic of a network
between the computing system and the remote display
unit and transmitting a signal regarding network availa-
bility; and a thread receiving the signal and creating a
display update for communication to the remote display
responsive to the data stored in the video buffer. Accord-
ing to a ninth further embodiment, in the system of the
eighth further embodiment the signal regarding network
availability includes a dynamically determined time peri-
od. According to a tenth further embodiment, the system
of the eighth further embodiment comprises an update
region in communication with video buffer and storing
bounding rectangle information. According to an elev-
enth further embodiment, the system of the eighth further
embodiment comprises an accumulator for tracking the
amount of change made to the video buffer. According
to a twelfth further embodiment, the system of the elev-
enth further embodiment comprises a compressor, in
communication with the driver, for compressing the dis-
play update before transmitting the display update to the
remote display unit when the accumulator reaches a pre-
determined threshold. According to a thirteenth further
embodiment, the system of the eighth further embodi-
ment comprises a timer module in communication with
the thread for executing the dynamically determined time
period and signaling the thread to copy the local video
buffer.
[0059] According to a fourteenth further embodiment,
a system for updating a display unit remotely located from
a computing system is provided, comprising: buffering
means for storing display data representing graphical
output of an application program executing on the com-
puter system; driving means for communicating with a
network to determine a characteristic of the network and
for transmitting a signal regarding network availability;
and thread means for receiving the signal and for creating
a display update for communication to the remote display
unit responsive to the data stored in the buffering means.
According to a fifteenth embodiment, the system of the
fourteenth embodiment comprises storage means for
storing at least one bounding rectangle information and
for communicating with the buffering means. According
to a sixteenth further embodiment, the system of the four-
teenth further embodiment comprises compressing
means for applying a lossy compression algorithm during
a high update period to reduce the size of the display
update prior to communication of the display update to
the remote display unit. According to a seventeenth fur-
ther embodiment, the system of the sixteenth further em-
bodiment comprises cache means for caching the display
update before application of the lossy compression al-
gorithm. According to an eighteenth further embodiment,
the system of the fourteenth further embodiment com-
prises accumulation means for tracking the amount of
update to the buffering means to determine if the system
is in a high update period. According to a nineteenth fur-
ther embodiment, the system of the fourteenth further
embodiment comprises timing means executing a dy-

namically determined time period in response to the
thread means receiving the signal.

Claims

1. A method of updating a remote display unit compris-
ing:

(a) copying, by a copy module executing on a
computing device, display information from a
buffer to generate a display update, the comput-
ing device executing an application outputting
the display information;
(b) calculating, by an accumulator module exe-
cuting on the computing device, a size of the
display update;
(c) determining, by the accumulator module, the
display update size exceeds a threshold;
(d) applying, by a compressor module respon-
sive to the determination, a lossy compression
algorithm to the display update;
(e) determining, by a driver executing on the
computing device, an amount of available band-
width of a network connecting the computing de-
vice and the remote display unit;
(f) calculating, by the driver, a time period re-
quired to communicate the display update from
the computing device to the remote display unit,
the time period based in part on the amount of
available bandwidth;
(g) transmitting, by a computing device agent
executing on the computing device, the display
update to the remote display unit;
(h) triggering, by a timer module executing on
the computing device, the copy module to copy
the display information from the buffer after the
time period elapses; and
(i) repeating steps (b)-(h).

2. The method of claim 1 further comprising writing, by
a thread executing on the computing device, display
information to the buffer.

3. The method of claim 1 further comprising generating,
by a thread executing on the computing device, at
least one bounding rectangle indicative of a region
of change of the buffer as part of the display update.

4. The method of claim 1 wherein the transmitting com-
prises transmitting the lossy display update to the
remote display unit.

5. The method of claim 4 further comprising:

determining, by the accumulator module, the
display update size does not exceed the thresh-
old;
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applying, by the compressor module responsive
to the determination, a lossless compression al-
gorithm to the display update; and
transmitting the lossless display update to the
remote display unit.

6. A system for updating a display unit remotely located
from a computing device comprising:

a buffer stored in memory on a computing de-
vice, storing display data representing graphical
output of an application program executing on
the computing device;
a copy module executed by a processor on the
computing device to copy the display data from
the buffer to generate a display update;
an accumulator module executed by the proc-
essor on the computing device to calculate a
size of the display update and determine that
the display update size exceeds a threshold;
a compressor module executed by the proces-
sor on the computing device to apply a lossy
compression algorithm to the display update re-
sponsive to the accumulator module determina-
tion;
a driver executed by the processor on the com-
puting device to determine an amount of avail-
able bandwidth of a network between the com-
puting device and the remote display unit, and
calculate a time period required to communicate
the display update from the computing device
to the display unit, the time period based in part
on the amount of available bandwidth;
a computing device agent executed by the proc-
essor on the computing device to transmit the
display update to the remote display unit; and
a timer module executed by the processor on
the computing device to trigger the copy module
to copy the display data from the buffer after the
time period elapses.

7. The system of claim 6 further comprising a thread
executing on the computing machine to write display
data to the buffer.

8. The system of claim 6 further comprising a thread
executing on the computing machine to generate at
least one bounding rectangle indicative of a region
of change of the buffer as part of the display update.

9. The system of claim 6 wherein the compressor mod-
ule applies a lossless compression algorithm when
the accumulator module determines the display up-
date size does not exceed a threshold.
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